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Motivation behind 21cm line

Corresponds to the neutral Hydrogen spin transition
Transition wavelength of 21 cm
Provides an additional period for constraint

Occurs during the dark age of the Universe



Approach

Energy Injection into the Universe (Model Dependent)

Energy Absorption through Various Channels
-Effective Efficiency (Model Dependent)

Energy Effects Evolution of the Intergalactic Medium Altered

Evolution Leaves a Measurable Imprint



Energy Injection

Decay - density dependent
(V) dec = %pCCZQX,O(l +2)°
Annihilation - density? dependent*
(V) amn = P2C Q><0<M> (1+2)°
Primordial Black Holes (PBH) - density dependent?

Vs
(@Var) b = Mo Pec*Qpro(1 + 2)°

Mgy = —5.34 x 105 F(Mgg)Mgg g®s ™

*Madhavacheril, Sehgal,and Slatyer; arXiv:1604.02457
fCarr, Kohri, Sendouda, and Yokoyama; arXiv:0912.5297



Absorption Channels*

Hydrogen lonization

Li(2) = fi( B, 2) St
Lyman-Alpha Excitation

Io(2) = fu(E,2)(1 — C) S/

Gas Heating
Ki(2) = fu(B, ) 2Lty

ny(z)

*Liu, Slatyer, and Zavala; arXiv:1604.02457
Belotsky and Kirillov; arXiv:1409.8601
Slatyer; arXiv:1211.0283



Gas Evolution®*

lonization Fraction

E = (Boig —  Tmm @) +1a(2))

Medium Temperature

dTiem _ ( dTicm o 2 Kn(2)
dz dz o 3kp(14+2)H(2) 1+ faet+2e

*Liu, Slatyer, and Zavala; arXiv:1604.02457
Belotsky and Kirillov; arXiv:1409.8601
Slatyer; arXiv:1211.0283



Wouthuysen-Field Effect*

Te — TomBtyclicM+¥YryalLya
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*Zaldarriaga, Furlanetto, and Hernquist; arXiv:astro-ph/0311514



Wouthuysen-Field Effect*

Te — TomBtyclicM+¥YryalLya
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*Zaldarriaga, Furlanetto, and Hernquist; arXiv:astro-ph/0311514



Decaying Dark Matter Constraints

Tpm [S]
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Decaying Dark Matter Constraints

108
H 107"
<
s
= 1072
B
§ 102
1078
1074

el | |
106 107 10® 10° 10'° 10'" 10'2
Energy (eV)



Decaying Dark Matter Constraints
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Decaying Dark Matter Constraints
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Decaying Dark Matter Constraints

Tpm [S]
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Decaying Dark Matter Constraints
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PBH Constraints
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Conclusions

21cm allow for measurements during the classically dark age of the
Universe.

21cm measurements can place stringent constraints for decaying
dark matter and PBH models.



Thank You



